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Abstract 
The purpose of this study was to quantify and analyze the muscle activity of the biceps brachii (BB) muscle from three different male age 
groups and varying the electrode placement on their muscles. Six subjects in three different age groups (adolescents, vicenarian and 
tricenarian) participated in this study. The electrodes were placed on one of three locations on the upper arm BB: muscle belly (M), upper 
muscle of the belly (U) and lower muscle of the belly (L). The current study shows some significant differences of muscle activeness 
among the three age groups and the electrode placement location. It indicates that there is difference in BB activity between adolescents 
and vicenarians, and between vicenarians and tricenarians (p<0.05), but no interaction between adolescents and tricenarians (p>0.05). 
According to statistical analysis, vicenarians’ BBs are the most active, and then adolescents, and then  tricenarians. The majority of the 
EMG results show that the muscle activity is highest in the lower portion of the muscle and decreases continuously up to the upper 
portion. Therefore, the present findings  suggest that, EMG activity varies due to electrode placement and results are not similar for all 
age groups. Results are helpful for biceps rehabilitation, muscle coordination and other neuromuscular activities of the upper arms. 
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1. Introduction 
Surface electromyography (sEMG) is the preferred method to record the muscle strength of BB muscle [1]. EMG signals 
travel along and activate the skeletal muscle fibers [2]. Valid and exact electrical signals can only be recorded when muscles 
are contracted [3]. According to the study of gerontology, within 13 to 19 years old individuals called adolescent or 
teenager, 20 to 29 is vicenarian and 30 to 39 is tricenarian [4-6]. Researchers investigated and proved that, muscle 
characteristics and activity has been seen to vary  for the different age ranges (specially in these age ranges) [7-9]. 
Several authors described the EMG recording process and their validation from biceps brachii muscles with different 
cohort age ranges, protocols, voluntary muscular contractions, ranges of motion (ROM), electrode placements, torque 
relationships, etc. For example, Masuda et al. discussed the detection of the innervations zone in biceps muscle using 
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surface EMG [10]. They also focused on the effect of electrode placement. Some authors expressed some good 
recommendations for electrode placement to detect the EMG signal on biceps [19-20]. Merletti et al. investigated the 
characteristics of biceps muscle in terms of muscle fatigue with different electrode placement [11]. Masuda et al. discussed 
the MUAP detection with the use of SEMG [21]. Gerachshenko et al. studied biceps muscle contraction during isometric 
contraction with 90° elbow flexion [26]. Furlani used EMG to study young male adult BB muscle [27].  
However, there is a dearth of research investigating human upper arm BB. The BB muscle is attached to the upper arm 
in the human body and is characteristically described as a two-headed muscle, which consists of a long head and a short 
head, that originates proximally [28]. The human BB muscle extends from the shoulder to the elbow on the front of the 
upper arm and is responsible for moving the upper arm into different angles using the strong connectivity of the two biceps 
tendons [29], the lower of which is called the distal tendon and the upper is called the proximal tendon [30]. The preferred 
location for electrode placement is the middle of the BB muscle or muscle belly. The next two choices are the muscle below 
the proximal tendon (upper part of muscle belly) and the upper muscle of the distal tendon (lower part of muscle belly) 
[31,20]. The multiplicity of the sEMG detection and processing methods for the BB results in a large number of 
physiological applications, including signal processing, the study of muscle fatigue, torque relationship, kinesiology, sports 
science, the study of ergonomics, exercise assessment, and laboratory examination [31-37]. 
The present study uses isometric contraction for the subjects. This type of contraction happens when there is no change 
in the length of the contracting muscle. This contraction occurs when carrying an object constantly without any movement, 
as the weight of the object is pulling the subjects arms down but their muscles are contracting to hold the object at the same 
level. In this experiment, subjects griped the dynamometer with a fixed angle. There was no movement in the joints of the 
hand, but the muscles are contracting to provide an adequate force to keep a stable hold on the dynamometer. The quantity 
of strength a muscle is able to produce during an isometric contraction depends on the length of the muscle at the position of 
contraction. Biceps muscle has an optimum length at which the maximum isometric force can be produced (Figure 1) [12] . 
So far, researchers have studied EMG signals on BBs in different age groups; however, very few of them classified the 
subject’s category as adolescent, vicenarian, and tricenarian, or older. In most of the cases, subjects’ ages were within 20 to 
30 years. Only few authors studied the EMG signal in a particular age group, others did not mention the exact age group. 
For example, Medina et al. described muscle activity on a lower extremity, and their subjects were adolescents [18]. 
Petrofsky et al. investigated the EMG amplitude of biceps muscle during isometric exercise and their subjects' age group 
was within 20 to 30 years [22]. 
However, a review revealed no reported study where electromyography signals were analyzed with these three age 
groups and varying their three locations of the BB muscles. The present study investigated the muscle function and 
coordination of the subjects’ (adolescent, vicenarian, and tricenarian) three locations of the BB muscles. Six subjects’ (two 
from each age group) right arm biceps and three locations of the muscle were used in the study. The main aim was to 
analyze biceps muscle coordination and the influence of electrode location on EMG signals from these three age groups BB 
muscle. Then measurements were made at isometric muscle contraction and a dynamometer measured  maximum voluntary 
contraction. A fixed sampling rate of 100 Hz and a wireless EMG sensor with active electrodes were used. 
The rest of the paper is arranged as follows: Section 2 analyzes the methods, the equipment, and the experimental 
protocol for data recording; Section 3 presents and compares the results; Section 4 presents the overall discussion of the 
study; and Section 5 summarizes the findings,conclusions and some future works. 
2. Method 
Six healthy, right-hand dominated, male subjects (two from each age groups) with normal body mass index (BMI) 
participated in the study. Subjects gave their written informed consent and agreed to participate in the study. Exclusion 
criteria included history of muscular disease on biceps muscles. Table I shows the physical characteristics of all subjects. 
 In recent times, there have been significant increases in wireless sensor networks in biomedical research applications 
due to their portability, improved performance, robustness, extensibility, data accuracy, and decreasing technology costs 
[38-39]. In the present experiment, a wireless, touch proof, Bluetooth-enabled, three channel EMG signal storage device, 
SHIMMERTM Model SH-SHIM-KIT-004 (Realtime Technologies Ltd., Ireland), was used to record the electromyography 
signal from each subjects BB muscle. The EMG daughter board was touch proof and compact, with dimensions 53 x 32 x 
23 mm.  Two channels (negative and positive) were used for the EMG recording, and a third was used as the reference 
channel. This non-invasive device has dual functionality because it has both an IEEE 802.15.4 wireless communication 
(contains a chipcon CC2420 radio transceiver and a gigaAnt 2.4GHz RufaTM antenna) and a Bluetooth® radio modules. The 
built-in frequency range of the device is 5 to 482 Hz with an EMG amplifier gain of 682 dB. The raw EMG signal was 
recorded at a sampling frequency of 100 Hz. There were two sets of EMG devices and two Bluetooth-enabled laptop 
computers used in the experiments. The distance between the EMG daughter board device (sensor connected to the muscle) 
placement area on the body and the laptop was 3 feet. 
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The sigma electrode gel used to get deep result and correct signal from the muscle. Some protocols like, inter electrode 
distance, electrode placement procedure, skin preparation etc. was maintained which was suggested by Hermens et al. and 
SENIAM [10],[13]. Figure 1 shows the full experimental setup for EMG data collection from the subject. The space 
between the sensor (connected to the biceps) placement area on the body and the laptop was 5 feet. As it was a wireless 
system, the air-conditioning and fan were switched-off to avoid unwanted signals, cross talk, and device disconnection.  
Data was collected from each subject within a day. Nine locations (electrode placement) from three muscles were 
selected for the experiment. Data were recorded three times (three samples) from each electrode location on the biceps 
muscle for 10 seconds, and there was a five minute interval between each muscle contraction to avoid muscle fatigue. A 
handheld dynamometer was used, and subjects were asked to grip the machine to produce full muscle contraction. The arm 
was elevated the air during the muscle contraction.The position of the elbow angle was 80°. The average grasping power of 
each subject was 16 kg. 
Recorded EMG data were processed for the average (EMGAVG), standard deviation (SD), root mean square (EMGRMS), 
mode (maximum occurring signals), and highest peak. The differences (only mean±SD) between the three electrode 
placement results and the three different gender variation were assessed by the two-tailed unpaired t-test, where the samples 
have different variance (ANOVA) using  Minitab statistical software (MINITAB® Release 14.12.0). An alpha of p<0.05 
was considered statistically significant for all comparisons.  
 
 
 
         Table 1. Physical characteristics of subjects (Mean value). 
Group Age (years) Weight (kg) Height (cm) BMI 
Adolescents 17 67 167cm 24.0 
Vicenarians 24 69 170cm 23.9 
Tricenarians 33 65 166cm 23.0 
 
Cm. Centimetre, BMI: body mass index. 
 
 
 
 
Fig. 1. Full experimental setup for EMG data collection: a) active electrodes in biceps brachii muscle; b) reference electrodes; c) wireless EMG sensor 
attached within the daughter board; d) Hand-held force dynamometer; e) Bluetooth-enabled laptop computers for recording the EMG signal within a 2 
meter range; 
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Fig. 2. Electrodes placement on the BB muscle. a) upper part of the muscle belly (U) (i.e., over the medial belly of each head (long and short head)), 
parallel to the muscle fibres and below the proximal bicep tendon; b) middle of the muscle belly (M). c) lower part of the muscle belly (L) (i.e., between 
the muscle endplate region and the distal tendon insertion); d) reference electrode. 
 
3. Results 
 
Table 2 shows the results from different age groups three muscles locations. The EMG results of root mean square 
(RMS), maximum peak and mode value (or most frequently occurring peak) are presented here.Also, the significant 
differences (ANOVA test) of EMG mean and SD are calculated, with the significance value indicated by an asterisk (*) 
mark. Also, Quartile value is shown with the box plot in Figure 3 to show the different muscle strengths during the 
contractions. 
The investigation of the effect of electrode placement location using ANOVA tests yielded a number of statistically 
significant differences. It shows that there is a relation between adolescents’ (A) biceps muscles and vicenarians’ (V) 
biceps, as well as between vicenarians’ (V) biceps and tricenarians’ (T) biceps (p<0.05), but none between adolescents (A) 
and tricenarians’ (T) (p>0.05). According to the calculation of maximum peak, mode value, and RMS, vicenarians’ biceps 
muscle is the most active, and then adolescents’, and then tricenarians’.  
On the other hand, there are interactions within the same age groups individual muscles (V(L) vs. V(M), V(L) vs. V(U) 
(p<0.05)). However, no main effect was found within other groups (A(L) vs. A(M), A(L) vs. A(U), A(M) vs. A(U), V(M) 
vs. V(U), T(L) vs. T(M), T(L) vs. T(U) and T(M) vs. T(U) (p>0.05)). Some interactions were found between different age 
groups and muscles. For example, A(L) vs. V(L), V(L) vs. T(L), V(L) vs. T(M) and V(L) vs. T(U) are significantly related 
with each other (p<0.05).  However, the rest of the groups muscle are not significantly related (p>0.05) . In Fig. 3 Box plot 
shows the significant difference among the muscles and age groups. 
Now, considering the EMG root mean square, mode, and the maximum peak value, vicenarian lower part (below the muscle 
belly) shows a higher signal range than any other age and locations (values are 2.9, 4.09, and 4.1 mV, respectively). Aftre 
that, second highest signal values are in same groups middle and upper parts of the BB. The other two groups’ EMG mode 
values are almost same, within 2.05 mV to 2.06 mV). However, some dissimilarities were found with the other two 
calculations (RMS and maximum peak value). 
 
4. Discussion 
Many previous studies have been conducted on the effects of BB muscles using either single or multiple electrode 
locations within a certain age range. Kramer et al. reported that when the monopolar exploring electrode was positioned 
over the middle of the BB muscle, the EMG amplitude versus isometric torque relationship was rounded. When the 
exploring electrode was moved 3 cm laterally, however, EMG amplitude for the BB increased linearly with isometric torque 
[14]. Beck et al. found the effect of electrode placement on (mean 23 years old) biceps muscle with isometric contraction 
and torque measurement [15]. Elsewhere, Beck et al. expressed the influence of electrode placement over the innervations 
zone, and their subject mean age range was 20 years [16]. Nishihara et al. investigated the effect of the position of 
electrodes relative to the innervation zone (IZ) of the BB muscle during isometric elbow flexion [17]. Some good results 
and recommendation were found from different studies regarding the inter-electrode distance, though that was not on the 
biceps muscles [24-25]. 
However, the present study was conducted to provide fundamental information about the effect of three locations on 
different age group subjects. To the best of the present authors’ knowledge, this is the first study that clarifies the 
electromyography activity on three locations of the upper arm BB muscle of three different age groups with afformentioned 
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methodologies. In the statistical analysis of this experiment, we treated each pair of competitors as a unique experiment and 
discovered the following results: 
x The comparison of the muscular activities shows that results differ significantly between each location and age. 
x The majority of the results indicate that muscle activity of vicenarians is higher than tricenarians and adolescents. 
x The average EMG and maximum peak value in the BB muscle belly (M) is higher for tricenarians and adolescents 
than in their other two locations. 
x In the box diagram in Figure 3, the mean EMG signal is highest for the middle age group, then adolescents, offend 
then the upper age group. 
x Lastly, considering all the electrode placement locations, the majority of the result shows that the lower part of the 
muscle belly (between the muscle end plate region and distal tendon insertion) (L) is more active than the other two 
locations for these three age groups. 
The present research emphasizes that the specific placement of electrode that will be used to record the muscle strength 
should be decided with due consideration for the differences indicated here. Therefore, researchers need to use some 
anatomical knowledge and a suitable understanding of the effect of electrode placement to ensure correct results; these types 
of professional information are explained by a number of well-known references, as indicated above. 
It is hoped that the findings are helpful in BB muscle rehabilitation, comparison with left hand biceps, triceps muscle and 
other physical therapy analysis of the upper arm [23]. However, results were limited by several factors, such as number of 
subjects; only three groups selected (excluding pre-teenager, quadragenarian, quinquagenarian, sexagenarian, 
septuagenarian and octogenarian); least number of channels; only one type of muscle contraction; single pair of electrodes; 
and no range of motion (ROM) of the elbow. However, our pending investigation will address these limitations. 
 
 
Table 2. Results of electromyography from different age groups and muscle locations. 
Values A(L) A(M) A(U) V(L) V(M) V(U) T(L) T(M) T(U) 
Mean a2.05* 2.06 2.05 b,c,d2.13* 2.05 2.06 2.05 2.06 2.05 
SD 0.24 0.1 0.11 1.02 0.6 0.52 0.07 0.1 0.11 
Max 3.48 2.95 2.67 4.1 4.09 4.09 2.67 2.95 2.67 
Mode 2.06 2.05 2.05 4.09 2.08 2.08 2.05 2.05 2.05 
RMS 2.46 2.08 1.88 2.9 2.89 2.89 1.89 2.08 1.88 
 
 
M: middle of the muscle belly, L: between muscle endplate region and distal tendon insertion; U: Over the medial belly of each head (long and short head) 
parallel to muscle fibres; A: Adolescent, V: vicenarian and T: Tricenarian. *: interaction with ANOVA (p<0.05), a: interaction between A(L) and V(L). b: 
interaction between V(L) and V(M). c :interaction between V(L) and T(V). d :interaction between V(L) and T(U). 
 
 
     Fig. 3. Box plot shows the mean amplitude from  BB muscle. 
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5. Conclusion 
The growth of research on electromyographic activity on muscle creates an opportunity to enrich physiological practice. 
The present study determined whether it was achievable to differentiate the electromyographic action between the BB 
muscles of the three different age groups’ different electrode placement locations. It was shown that the results presented 
here are sufficiently valid because all data were compared using the same measurement technique. In summary, the present 
study suggested that muscle activity varies with different electrode placement location and with subject age. Thus, results 
indicate that researchers as well as physical therapist should not rely on a single electrode placement location for muscle 
activeness, and, of course, signals are different for different age groups. Our future research will investigate the clinical and 
sports related subjects with these platforms.  
. 
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